Postoperative nausea and vomiting (PONV) has many causes, including anaesthetic drugs. Choice of induction agent may affect the incidence of PONV, though the evidence is conflicting. We have analysed our database of outcome after surgery. Data on 4173 patients were analysed using multivariate logistic regression, with an overall incidence of PONV 21.3%. Propofol, when compared to thiopentone for induction of anaesthesia, resulted in an 18% reduction in PONV (OR=0.82, P=0.03). The likely postoperative benefits of propofol may outweigh concerns about its additional cost.
Postoperative nausea and vomiting (PONV) is a common and distressing problem, with perioperative anaesthetic drugs frequently being implicated 1-4. . There is also some evidence that choice of induction agent may affect the incidence of PONV, although such evidence is equivocal and often conflicting. We have analysed our database of outcome after surgery and anaesthesia to determine whether such differences exist in the broader surgical population.
MATERIALS AND METHODS
Our institution is a 450-bed, adult tertiary care hospital, with most types of specialized surgical services. There is no obstetric service and very little gynaecological surgery is performed. Most ophthalmic surgery is performed with a regional technique, usually on a day-stay basis. As part of an ongoing quality assurance program established in December 1993 by the Department of Anaesthesia and Pain Management, all surgical inpatients were routinely seen by a dedicated research nurse and/or anaesthetic registrar after anaesthesia and surgery. Patients were reviewed the morning after surgery, except if they had already been discharged or if they had their surgery on Friday or Saturday, in which case they were seen on Monday. Thus, patients who were missed included day patients, patients operated on Friday or Saturday who were discharged prior to Monday, and patients who had anaesthesia administered outside the operating theatres, such as in the angiography, endoscopy or electroconvulsive therapy suites. Choice of anaesthetic technique and management in the recovery room remained at the discretion of the anaesthetist; this included initial management of pain and emesis. Ongoing postoperative management was generally left to the surgical unit responsible for the patient. Patients having more sophisticated methods of post-operative pain management, such as epidural infusion or patient-controlled analgesia, were seen twice daily by a member of our Department.
Collected data included patient demographics, past medical history, previous anaesthetic complications, details of the anaesthetic, type of surgery, and a number of predetermined postoperative outcomes. Postoperative pain control was rated by the patient as good, fair or poor. This data was then entered onto a computer database for future audit. We obtained Ethics Review Committee approval to access this database for research purposes. We excluded patients who had not received an anaesthetic induction agent, or had undergone cardiac or neurosurgery. Data are presented as mean (standard deviation, SD) and proportion (%), unless specified. Univariate estimates of risk are presented as relative risk (RR). Multivariate logistic regression was then used to adjust for patient, anaesthetic and surgical characteristics 5 ; interaction terms were sought and were not significant. Subsequent adjusted odds ratios (OR) are presented with their 95% confidence intervals (95% CI). All analyses were performed using SPSS V4.0. A P value of less than 0.05 was considered significant.
RESULTS
Between December 1993 and May 1995, we collected data on 6435 postoperative patients. After excluding those undergoing cardiac and neurosurgery, and those undergoing sedation or regional anaesthesia without general anaesthesia, we were left with 4173 patients. Overall, the mean (SD) age was 51.7(20) years, with 1878 (45%) female patients, 1079 (25.9%) emergency cases and 4 (0.1%) early deaths ( Table 1 ). The overall incidence of PONV was 21.3%. There was an increased risk of reported PONV in women, patients undergoing elective surgery, lower ASA status, and those with a history of previous anaesthetic complications (the most common complaint being previous PONV) (univariate analysis, Table 2 ). Perioperative characteristics differed according to whether patients received thiopentone, or propofol for induction ( Table 3) .
Age and ASA status were then categorized (age >40 yrs vs <40 yrs; ASA 1-3 vs 4/5). After adjusting 356 for multiple confounding factors, risk factors associated with PONV included young age (<40 yrs), female gender, lower ASA status (1-3), previous history of anaesthetic complications, intraoperative use of morphine or pethidine, intraoperative use of a nondepolarizing muscle relaxant, elective or minor surgery, and use of thiopentone (vs propofol) for induction of anaesthesia (Table 4 ). There was a nonsignificant increased risk for patients recovering from ENT surgery. Results were unaffected when categories of surgery were examined separately.
DISCUSSION
The syndrome of PONV has been of concern to patients and staff for as long as surgery and anaesthesia have been practised. The incidence has remained high despite progressive improvements in the techniques of surgery and anaesthesia and remains the commonest complication in the postoperative period 1 . The overall incidence of PONV in our series of patients was 21.3%, which is within the range (19.4 to 55%) reported in the literature [2] [3] [4] 6 . The continued pursuit of measures aimed at minimizing this complication are justified on the basis of patient safety, patient satisfaction and the provision of economically viable medical services. PONV rates as the most frequently recollected event when patients are questioned about previous anaesthesia 7 , and is a major cause of delayed discharge and admission following day-stay surgery [8] [9] [10] .
The purpose of our study was to review the incidence of PONV at our institution, with particular interest in determining whether there was any evi-dence that choice of induction agent influenced its incidence. The anaesthetic literature is replete with studies reporting advantages of one anaesthetic technique or other in regards to PONV. Nevertheless, it has remained unclear whether choice of induction agent, in the absence of other confounding factors 5 , influences the final outcome with respect to this complication 3, 11 .
Analysis of our data using multivariate analysis from 4173 cases shows that there was an 18% (OR=0.82, P=0.03) reduction in the incidence of PONV in patients receiving propofol compared to thiopentone for induction of anaesthesia. This analysis included adjustment for many confounding factors (age, gender, ASA status, type of surgery, emergency/elective status, intraoperative use of fentanyl, morphine, pethidine or muscle relaxants). The baseline differences observed according to the induction agent used can be explained by the pattern of usage at our hospital, with more higher-risk patients, and those undergoing major surgery generally receiving thiopentone, and those managed with a laryngeal mask being more likely to receive propofol for induction. Such differences obviously affect risk of PONV [2] [3] [4] , though in general they would tend to further reduce the incidence in the thiopentone group.
Morrow 12 comprehensively reviewed the assessment of nausea and vomiting. We have used the suggested observer-rated measurement of vomiting by reviewing the medical record entry of attending nursing staff and a self-reporting approach for assessment of nausea during the postoperative interview of each patient. There has been no attempt to differentiate between nausea, retching and vomiting nor their severity. Data were collected by a member of the anaesthetic department within 24 hours of completion of anaesthesia and involved a patient interview and review of their medical record. A patient undergoing day-stay surgery, but requiring admission due to PONV, may have been included, thereby causing some distortion of the patient population interviewed (towards those having emetic sequelae). The categories of surgery performed at our institution included all types of major and minor, emergency and elective surgery, except gynaecology, obstetrics and paediatrics which were performed rarely. Ear, nose and throat surgery accounted for approximately 5% of the surgical workload. It can be seen, therefore, that some of the high-risk patients for PONV were under-represented at our hospital. This may have affected the overall incidence of PONV but not differences observed with the induction agent. Nevertheless, this study is prone to bias, in particular selec- tion, detection and reporting bias. Detection and reporting bias is unlikely to explain the differences, given the data collection was performed prospectively by experienced staff unaware of the purposes of the study. Multivariate adjustment of important perioperative factors also occurred 5 , though residual confounding cannot be excluded. Our overall incidence of PONV is also consistent with previous prospective surveys and clinical trials, which range from 23 to 55%, depending on definition, surgical procedure and patient population 2,4,6 .
PONV is multifactorial [1] [2] [3] [4] . Consequently the evaluation of individual factors, whether they be patient, drug or surgical, is made difficult because of the multiple, interrelated factors present. Kortilla 13 has reviewed the issues involved in the design of a study of PONV and emphasizes the importance of adequate sample size and controlling confounding in order to make valid conclusions. Research into PONV will no doubt continue as developments occur in anaesthestic techniques and new drugs become available to anaesthetists. To our knowledge there are no previous studies comparing the incidence of PONV with propofol and thiopentone using a large database and multivariate analysis. This allows assessment of potentially causative factors in the presence of other confounding factors, such as age, gender and intraoperative opioid use 5 .
Recently, Cohen et al 6 used outcome data obtained from a postoperative interview of 16,000 patients to determine risk factors for PONV using a multivariate technique. At the time of their study, propofol was not available and the use of specific induction agents was not reported. Consequently, induction agents were not analysed as independent variables for their effect on PONV. Our postoperative data are complementary to that of Cohen and we use similar statistical techniques to draw conclusions about propofol and thiopentone. In circumstances similar to those of Cohen's, it is unfortunate that the use of antiemetic medications was not recorded on the patient data sheets in our study and therefore this has not been individually factored into the analysis 14 . We would anticipate that perioperative use of antiemetics would not be altered by choice of induction agent, unless that choice had an effect on PONV. This, therefore, would tend to reduce the effect on outcome. Cohen also reported that the risk of PONV is decreased amongst smokers. In our study there was a nonsignificant (P=0.093) 8% reduction of reported PONV in this group.
There are numerous small studies in the literature comparing a propofol-based technique with that of a "standard" technique using thiopentone for induc-tion (usually in association with a volatile agent). In general, but not always, a benefit is shown in the propofol-based technique when rates of PONV are compared 8, 11, [15] [16] [17] [18] . Boysen et al 15 , in 60 women undergoing termination of pregnancy, found that PONV and recovery time was less with propofol, when compared to thiopentone and to etomidate. These results were in conflict with Heath et al 16 and Edelist 17 , who found no difference with PONV. Doze et al 18 studied 120 patients undergoing a range of surgical procedures and compared thiopentone induction followed by isoflurane/nitrous oxide versus propofol induction followed by propofol infusion/nitrous oxide. In "non-major" surgery, there was a significant reduction in PONV, but not in major abdominal surgery. Kortilla et al 8 reported similar results in 41 patients undergoing gynaecological and "other" types of day-stay surgery. Jobalia and Mathieu, in an abstract 11 , used meta-analysis in a pooled sample of 1116 patients from 28 published randomized controlled trials, to find that propofol decreased the incidence of PONV by 25 to 30%. However, publication bias may overrate the effect of propofol using this form of analysis, and overrepresentation by day-stay and gynaecology patients may preclude applying their conclusions to other forms of surgery. Interestingly, there has been relatively little published work in patients who are not undergoing gynaecological or day-stay surgery.
We have used multivariate analysis to adjust for confounding in a single, large database and found that propofol, when compared to thiopentone for induction of anaesthesia, is associated with a significant reduction in reported PONV. It is arguable that the likely benefit on postoperative recovery may outweigh the oft-quoted concerns about the additional cost of the drug itself.
